Background. The hemodynamic characteristics of the early phase of primary hypertension are subject to debate. In particular, it remains unclear whether an increased vascular peripheral resistance or a raised cardiac output is involved as the primary hemodynamic alteration in hypertension.
pressure, ambulatory n the past decades, our understanding of the pathophysiological correlates of primary hypertension has increased greatly. By contrast, however, the mechanisms of initiation and development of high blood pressure and the hemodynamic characteristics of its early phase remain controversial. There are two major hypotheses: one hypothesis suggests that the initial phase of the development of high blood pressure is characterized by an increased peripheral resistance. The other suggests that it is characterized by a raised cardiac output.' The first hypothesis assumes that the peripheral resistance increases gradually with age when hypertension develops. The second hypothesis suggests that after a period of a high cardiac output, the so-called hyperkinetic circulatory phase, a secondary increase in peripheral resistance develops.' This theory rests on the postulate that disproportionately increased blood flow results in a decreased arteriovenous oxygen difference under normal oxygen consumption.2,3 In "early," "mild," "borderline," or "labile" young hypertensives, an increased cardiac output has been reported, at least in a sizable proportion of these groups.4-7 However, others could not confirm this8 or have reported a decrease in cardiac output in young borderline hypertensive subjects compared with normotensive subjects.910 Although follow-up of borderline hypertensive subjects with an initial high cardiac output showed a decrease in cardiac output and an increase in peripheral resistance over years, blood pressure increased less than in borderline hypertensive subjects initially showing a normal cardiac output and an increased peripheral resistance. 3 Blood pressure in either young hypertensive or young normotensive subjects did not show a relation with cardiac output."",12 However, in children with a wide range of blood pressure, cardiac output was weakly related to blood pressure, but the level van Hooft et al Early Phase of Primary Hypertension 1101 of cardiac output did not predict future blood pressure during follow-up. 13 We have studied hemodynamic characteristics including cardiac output, cardiac dimensions, oxygen consumption, and 24-hour ambulatory blood pressure in 155 young normotensive males and females, aged 6-31 years, in three groups; the subjects had two hypertensive parents, one hypertensive and one normotensive parent, or two normotensive parents.
Methods

Population
The To obtain mean 24-hour ambulatory SBP, DBP, and heart rate, the parameters were calculated per period of the day (midnight to 6:00 AM, 6 :00 AM to 6:00 PM, and 6:00 PM to midnight) if at least 75% of the measureheight were measured with the subject wearing indoor ments per period were successful. Of the 155 partici- Associations between study variables were studied among the groups adjusted for group characteristics (using indicator variables) and age, height, weight, and sex by multiple linear regression analysis. To further assess the differences among groups, data were analyzed by two blood pressure groups and two age groups, based on median cutoff points.
Results General Characteristics Table 1 gives a general description of the three groups. At a mean age of 21.6 years, a difference in sitting SBP and DBP and supine mean arterial pressure between the offspring of two hypertensive parents and the offspring of two normotensive parents was already present. The blood pressure difference remained after adjustments for differences in age, height, weight, and proportion of males among the groups; the difference between the offspring of two hypertensive parents and the offspring of two normotensive parents was 6.4 mm Hg (95% CI, 2.6-10.2) for SBP, 6.3 mm Hg (CI, 2.9-9.7) for DBP, and 5.8 mm Hg (CI, 2.8-8.8) for mean arterial pressure ( Table 1) .
The number of hours spent at different levels of physical activity during the 24-hour ambulatory blood pressure measurement did not differ among the groups and showed a good range of different activities throughout the day. Ambulatory Blood Pressure Measurements
In Figure 1 time of the day, DBP of offspring of two hypertensive parents was higher than that of the offspring of two normotensive parents, with the offspring of one hypertensive parent between the two levels. For SBP, a similar pattern of differences was seen during the 24-hour period, except at 12:00 midnight and 3:00 AM, when SBP was the same in the offspring of two hypertensive parents as in the offspring of two normotensive parents. The three groups of offspring showed a similar circadian pattern for 24-hour SBP and DBP with a low level during 1:00 AM and 6:00 AM, a rise between 7:00 AM and 11:00 AM, a continuously high level between 11:00 AM and 5:00 PM, and a period of decline starting between 5:00 PM and 8:00 PM and ending at 1:00 AM.
The offspring of two hypertensive parents had a slightly lower heart rate throughout the 24-hour period compared with the offspring of two normotensive parents (Table 2) . Moreover, the offspring of one hypertensive and one normotensive parent showed the highest heart rates during the 24-hour period. The pattern of the 24-hour heart rate was similar for the three groups: biphasic with a similar pattern of rise and decline as for 24-hour SBP and DBP.
Calculated mean 24-hour ambulatory SBP and DBP were higher in the offspring of two hypertensive parents than in the offspring of two normotensive parents (Table  2) . No difference in mean 24-hour heart rate was seen among the groups. Although the differences in SBP and DBP among the three groups changed in magnitude during the 24-hour period (Figure 1 ), SBP and DBP did not show a difference in variability (Table 2) .
When the groups were compared for blood pressure and heart rate at an increasing physical activity level, at each level of activity the offspring of two hypertensive parents showed higher SBP compared with the offspring of two normotensive parents. However, the difference was smallest and statistically nonsignificant at activity level 0 (difference, 2.7 mm Hg; 95% CI, -0.8 to 6.2) (Figure 2 ). At activity score 0, the difference in DBP between the offspring of two hypertensive and two normotensive parents was slightly higher (3.9 mm Hg; CI, 1.0-6.8). Heart rate did not differ among the groups at any level of activity score.
Cardiovascular Characteristics
The offspring of two hypertensive parents had a lower resting heart rate than the offspring of two normotensive parents, which, however, just failed to reach statistical significance (Table 3) . Mean stroke volume, measured by the area-length method, was not significantly different in the offspring of hypertensive parents. Cardiac output and cardiac index were the same in the three groups. No differences in absolute oxygen consumption or in arteriovenous oxygen difference were present among the groups. However, cardiac dimensions showed differences among the offspring groups; the thickness of both the left ventricular posterior wall and the intraventricular septum was increased, although not reaching statistical significance, and the left ventricular end-diastolic diameter was significantly increased in the offspring of two hypertensive parents. The estimated left ventricular mass and mass index, calculated from these parameters, were 12.3 g and 8.7 g/m2, respectively, greater in the offspring of two hypertensive parents compared with offspring of two normotensive parents. To further assess whether the differences in left ventricular mass index were dependent on blood pressure, data were analyzed separately in children with a relatively low blood pressure (below or median). Low Values are mean with SEM in parentheses and differences between means with 95% confidence intervals in brackets; adjusted for differences in age, height, body weight, and sex.
*Parameters indexed for square meter of body surface area are adjusted for differences in age and sex only. 23 A study comparing male offspring groups at a mean age of 34 years did not show the increased hemodynamic response in offspring of hypertensive parents during mental or physical stress, but at rest the differences between the offspring groups in cardiac index, blood pressure, and total peripheral resistance showed a similar pattern compared with our study at a mean age of 22 years. 24 Our finding of an increased left ventricular mass index in offspring of hypertensive parents, which remained after adjustment for the differences in 24-hour ambulatory blood pressure, could indicate the presence of structural changes of the heart in the early phase of primary hypertension. This could suggest that cardiac hypertrophy occurs due to stimuli other than increased afterload only. In a recent randomized trial, a similar reduction of blood pressure with either verapamil or atenolol was accompanied by a reduction of left ventricular mass in verapamil-treated patients only, suggesting that reduction of left ventricular mass was not solely dependent on blood pressure decrease.25 It has been suggested that an increase of intrinsic growth factors due to a genetic predisposition or due to an increased adrenergic stimulation or sensitivity might cause cardiac hypertrophy.26,27 These different stimuli as well as an increased afterload would increase intracellular calcium, which triggers the induction of proto-oncogenes, thereby stimulating protein synthesis.28 These factors may be similar to the factors that give rise to vascular
In conclusion, the absence of a difference in cardiac output and oxygen consumption at rest between offspring of hypertensive parents and offspring of normotensive parents does not support the existence of a hyperkinetic circulation in the early phase of primary hypertension. The difference in left ventricular mass appears to be independent of differences in blood pressure between the groups, suggesting that the finding is not the consequence of an increase in afterload only. Whether the rise in left ventricular mass is the result of functional or structural vascular and cardiac changes, or a combination of both, remains to be established.
